17 Hydraulic fracturing of unconventional hydrocarbon reservoirs is critical to the United States 18 energy portfolio; however, hydrocarbon production from newly fractured wells generally 
unexplored class of reactions that could contribute to these problems is oxidation of Fe(II) 23 derived from Fe(II)-bearing phases (primarily pyrite, siderite, and Fe(II) bound directly to shale matrix. Initially, ferrihydrite precipitated on and in the shale, but as experimental time 16 increased, the ferrihydrite transformed to either goethite (at pH 2.0) or hematite (pH > 6.5). Introduction: 1 Hydraulic fracturing in the United States has seen a strong increase in both the number of new 2 wells being drilled and the re-fracturing of oil/gas shales that were previously hydraulically 3 fractured 1 . Although hydraulic fracturing is positively impacting the energy landscape of the 4 United States, production drops significantly within several months of initial hydrocarbon 5 production 2-8 . The majority of modeling efforts examining declines in production of gas have 6 focused on changes to advective flow due to a reduction in the subsurface pressure gradients Reactor experiments lasting a total of 3 weeks were sampled at 0, 6, 12, 24, 48, 96, 192, 384, 25 and 504 hours. The 3-month reactors were sampled every 10 days for a total of 90 days, while 26 the 6-month reactors were sampled every 20 days over a total period of 180 days. sampling, the butyl-rubber stoppers were sealed with silicone to minimize gas leakage through 31 areas of the stopper that the needle punctured, and the bottles were returned to the oven. wt.%), Eagle Ford (7.6 wt.%), and Green River, Mahogany Ledge (<1 wt.%) ( Table 2) . By 7 definition, the Green River Shale samples used are not true shales because of the lack of 8 significant quantities of clays; however, we will continue to use the term Green River Shale due 9 to the historical use of this term for the Green River formation. As seen in Barnett samples where all the carbonate was lost during reaction, the Eagle Ford and Green
30
River samples still contained significant quantities of carbonates even after 6 months of 31 reaction. As indicated by pH measurements (Figure 1) concentrations at the end of 6 months of reaction, both shales still contained over 9 wt.% Ca.
23
Of all the shale types, the Barnett shale was the only one that showed a significant reduction in The pyrite content of the shales, which ranges from 2.1 to 6.4 wt.% (Table 2) , is the Fe(II/III)-, and Fe(III)-bearing phases were used in the linear combination fitting of these µ-
22
XANES spectra as seen in Figures 5C and 5D . In the Marcellus sample, the location (Spot 1) with 23 the highest Fe(II) concentration was found to be predominantly pyrite (86%), with minor 24 amounts of magnetite (14%) (Figures 5A and 5D ). As Fe(II) concentrations decrease and Fe (III)   25 concentrations increase, ferrihydrite and goethite were detected (Figures 5B and 5D ).
26
Magnetite was detectable in all four spots analyzed, indicating that not all of the Fe released 27 from the pyrite framboids was fully oxidized prior to precipitation. Although magnetite was 
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The µ-XANES analysis of the Green River shale, following reaction, showed significant changes 16 in Fe speciation. A total of five Fe-rich regions were selected for collection of µ-XANES spectra.
17 Surprisingly, the five spectra collected were identical in shape. Differences among the µ-XANES 18 spectra collected for the samples reacted for 3-weeks, 3-months, and 6-months were minimal,
19
indicating little additional reaction of the Fe in the shale after three weeks. Because of the 20 higher sensitivity of EXAFS spectra than XANES spectra to Fe speciation, the bulk EXAFS spectra 21 of the reacted Green River shale are discussed below. (Figure 7) , the most notable difference common to the Fe K-edge EXAFS spectra of all four 28 shales samples is an additional oscillation in the spectra at k = 3.6 to 4. comprises between 12 and 33% of the total Fe species present in the shale samples (Table 4) . 
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There is no detectable difference between the 3-week-and 3-month-reacted kerogen samples 36 (data not shown). By using the Fe K-edge EXAFS spectrum of the 3-week-reacted kerogen, a 37 more accurate fitting of the EXAFS spectrum of the 3-week-reacted shale could be 1 accomplished ( Table 4) . The best fit of the EXAFS spectrum of the 3-week-reacted Green River 2 shale is consistent with a combination of 55% of the unreacted shale and 45% of the 3-week- values of the systems (at the solid:liquid ratios used in this study) remained low and did not rise 11 to circum-neutral levels ( Table 2 and Figure 1 ). In these shales the slow oxidation of aqueous 12 Fe(II) produced highly dispersed Fe(III)-(oxy)hydroxide precipitates occurring at distances 13 greater than 50 µm from Fe(II)-bearing hot spots (Figures 5A and 5B ).
14
We found large differences in the µ-XANES spectra at different locations within the reacted Table 3 : Bulk XRF measurements of selected elements for sand-sized oil/gas shale samples. Uncertainty 3 for triplicate measurements is ≤ 5%, 1 SD. Total Carbon (TC) was analyzed using Dumas combustion. pH 7 scenario occurs in systems with high carbonate concentrations or distances far away from the drill 5 bore where injected HCl is neutralized (high carbonate) or very dilute (away from drill bore). The pH < 4 6 scenario is for low carbonate systems or near drill bores where the low pH slows down Fe(II) oxidation. 7
